SUMMARY
anatomy of the left ventricular outflow tract.2 An additional factor which may be of great importance in the pre-
TRANSPOSITION OF GREAT VESSELS
The purpose of the present report is to describe the pathological anatomy of this malformation and to emphasize those features which may facilitate clinical diagnosis.
Methods
All necropsy-proven cases of complete transposition of the great vessels in patients who were admitttd to the UCLA Medical Center between 1956 and 1967 have been reviewed. Complete transposition of the great vessels (hereafter referred to as complete transposition) is defined as that condition in which two ventricles are present and the aorta takes origin from the venous right ventricle while the pulmonary artery takes origin from the arterial left ventricle.
The patients were divided into two groups based upon measurement of ventricular volumes. Group I (study group) consisted of eight patients aged 3 weeks to 352 months, in whom varying degrees of hypoplasia of the right ventricle were encountered. One of the study group cases was followed at UCSF. To make the groups comparable, group II (control group) was limited to all remaining patients less than 4 months of age at the time of death. Each of the 34 patients in this group had a well-developed right ventricular chamber.
The following observations were recorded for specimens of both groups: (1) diameter and relationship of the great vessels, (2) circumference of the semilunar and atrioventricular valves, (3) thickness of the ventricular walls and septum, (4) dimensions and volume of the ventricular chambers, (5) coronary artery patterns, and (6) associated defects. The ventricular free walls and septum were measured at the point of maximum thickness, which was usually located at the midportion of the free wall and the lower portion of the septum. Inflow length of the ventricle was measured from the atrioventricular valve annulus to the apex of the chamber, while outflow length was recorded as the distance between the semilunar valve annulus and the apex.
Ventricular volume was measured after each ventricle was filled with mercury ( fig. 1 ). The ventricular cavity was lined wvith a thin plastic bag into which mercury was injected to the annulus of the semilunar valve. The volume of mercury in the bag was then measured to the nearest 0.1 ml.
Thirteen-lead electrocardiographic tracings were available for review in all cases of the 
Results
Because this report deals primarily with -complete transposition associated with hypoplasia of the right ventricle, data from the control specimens have been summarized (table 1) and will be discussed only to emphasize significant differences between the two groups.
Pathologieal Anatomy
External Configuration of the Heart and Great Vessels
The interventricular groove was situated to the right of its usual position and divided the Figure 2 anterior cardiac surface into a very small right Measurement of ventricular volumes revealed that the hypoplastic right ventricles were approximately one third the size of those in the control group. The right and left ventricular volumes of each specimen were compared by (table 1) . Volume ratios of the study group specimens varied from 0.16 to 0.26. Volume ratios of the control group specimens varied from 0.52 to 2.3. Statistical analysis by variance of the means revealed that the difference between the mean values of the two groups was highly significant (P = 0.005).
Comparison of Valve Sizes
In all cases, the tricuspid and mitral valves emptied directly into the right and left ventricles, respectively. The small right ventricular chamber was associated with hypoplasia of the tricuspid valve in each study group specimen. Despite the small size of the valve, the leaflets were normally formed and the valve was apparently competent. Hypoplastic tricuspid valve circumferences were approximately two thirds those of the mitral valve ( fig.  5 ). In the control group specimens, tricuspid circumferences were equal to, or greater than, Three cases displayed an r/S pattern across the precordium. The R composed 50% or more of the RS in V6 in six tracings. A Q wave was present in the left precordial leads in four cases.
In lead V1, six cases displayed an r/S or r/s pattern, while an rSr' configuration was encountered in two cases. The average height of the R wave in V1 was 0.6 my. The R composed less than 50% of RS in V1 in five of the eight cases. Hypertrophy Patterns. In all cases the electrocardiogram was characterized by a relative lack of the right ventricular predominance usually seen during infancy. Six cases demonstrated isolated left ventricular hypertrophy, while tracings were interpreted as probably normal for age in two cases.
T Waves. The T waves in lead V1 were upright in five cases, flat in two, and biphasic in the remaining case. Inversion of T waves in the left precordial leads occurred in four tracings, suggesting the presence of severe left ventricular hypertrophy. Two patients with inversion of T waves in V6 were receiving digitalis at the time of the tracing.
Control Group
The mean electrical axis in the frontal plane varied from +1050 to +180° (fig. 6 ).
Review of vectorcardiograms (10 cases) and vectorial analysis (19 Hypoplasia of the right ventricle has been described both as an isolated lesion3 and in association with other malformations such as atrial septal defect,4 ventricular septal defect,5 tricuspid stenosis,5 and pulmonic stenosis.6 A small right ventricular chamber is usually present in tricuspid and pulmonary atresia. Absence of the right ventricular myocardium is associated with a hypoplastic right ventricle in Uhl's anomaly. 7 Hypoplasia of the right ventricle is rarely associated with tricuspid stenosis and complete transposition.8 9 To our knowledge, the association of complete transposition and hypoplasia of the right ventricle without tricuspid stenosis has been documented in only five cases,2 10-12 and these accounts consist primarily of postmortem descriptions. This is the first report of complete transposition with hypoplasia of the right ventricle in which a premortem diagnosis has been made based on specific electrovectorcardiographic and angiocardiographic findings. The frequency with which complete transposition with hypoplastic right ventricle has been encountered (17% of the necropsied specimens of this series) is striking and suggests that awareness of this lesion will lead to more frequent diagnosis.
Quantitative analysis of ventricular volumes and atrioventricular valve circumferences indicates that the hypoplastic specimens comprise a separate and distinct form of complete transposition. Comparison of absolute volume measurements between the study and control groups was felt to be of limited signifiance RV LV VOLUME RATIO Figure 11 Comparison of volume and valve ratios for both groups. Ventricular volume ratios as determined on necropsy specimens by means of mercury-filled bags are plotted on the horizontal axis. The atrioventricular valve ratios are plotted on the vertical axis. The hypoplastic specimens are closely grouped and clearly separated from the specimens of the control group (P =0.005 for the volume ratios; P -0.01 for the valve ratios).
Circulation, Volume XXXVIII, August 1968 Despite varying degrees of hypoplasia of the tricuspid valve in each of the study group specimens, no obstruction to blood flow was present. In cases of tricuspid stenosis, valve cusps are described as thickened and often fused, while papillary muscles are short and stubby.9 These findings are in distinct contrast to the appearance of the tricuspid valves in the study group specimens, in each of which individual valve leaflets were normally formed and discrete, despite the small size of the annulus. Cardiac catheterization failed to demonstrate a significant end-diastolic gradient Circulation, Volume XXXVIII, August 1968 across the tricuspid valve, supporting anatomic evidence that tricuspid stenosis was not present in these cases.
Prominent atrial a waves and marked elevation of right ventricular end-diastolic pressures, which have been described as characteristic of hypoplastic right ventricle,6 were recorded only in case 5 in which the ventricular septum was intact. The course of the cardiac catheter may suggest the presence of a hypoplastic right ventricle. As it passes through the chamber, the catheter occupies a medial position and cannot be advanced laterally toward the cardiac apex.
The history, physical findings, and chest xrays were not of help in distinguishing the cases of hypoplastic right ventricle from the more common forms of complete transposition. The distinguishing clinical features were encountered in the electrocardiogram, vectorcardiogram, and ventricular angiogram.
Comparison of ECG-VCG data for the two groups revealed significant differences between the control and study group 
